In the procedure described, demembranated ram sperm models were treated to decondense their nuclei, and the movement of their sperm tails was then reactivated. The duration of movement was sustained for more than 30 min, with a tail-wave frequency of up to 14 Hz. Decondensed sperm models adhered to each other and to the slide; but adherence was prevented by addition of an anti-agglutination factor derived from dialyzed, freeze-dried ram seminal plasma, which allowed models to swim freely. Electron microscopy showed that most areas of the sperm model nuclei were decondensed and contained fine interconnected filaments with structures resembling nucleosomes at anastomosing regions. Some central, lateral, and basal regions of the nuclei were not fully decondensed. The axoneme, outer dense fibers, and fibrous sheath were not affected ultrastructurally by the extraction procedure; the mitochondria of the middle piece appeared to be extracted, while the acrosome but not the perforatorium was removed. Use of decondensed, reactivated sperm models provides a means to monitor the decondensation of sperm in vitro while maintaining minimal disruption to sperm tail components. This will allow access to the nucleus for experimental manipulation in sperm models.
INTRODUCTION
Demembranation of spermatozoa of various species with Triton X-100 causes loss of movement as the ATP required for motility leaks out of the sperm tails. Motility can be restored or reactivated by addition of an appropriate solution containing ATP. Summers and Gibbons [1] treated such sperm models with trypsin and demonstrated unequivocally that flagella move by local sliding and not by shortening of axonemal doublet microtubules as the sperm models undergo a sliding disintegration on addition of ATP. The use of sperm models has clarified the mechanism of sperm flagellar movement and its regulation in sea urchins (reviewed by Gibbons [2] ).
Many studies have now been made of mammalian reactivated sperm models (reviewed by Giroux-Widemann et al. [3] ), and several [4] [5] [6] [7] have used ram sperm models. These studies have all concerned the mechanism of reactivated movement of the sperm tail, but none has attempted to reactivate the movement of sperm tails with decondensed nuclei. The reactivated movement of decondensed spermatozoa serves as an indication that minimal damage has occurred to the axonemal structures responsible for movement. The aim of the present study was to decondense the nucleus with minimal damage and yet make it accessible to experimental manipulation as a prelude to future research on the nucleus of sperm models.
Techniques used previously to decondense the nuclear material of mammalian spermatozoa have been vigorous and probably damaging to cellular components. It is desirable to decondense the nuclei with minimal damage so that nuclear material is made accessible to manipulation and study Accepted January 5, 1993 . Received June 4, 1992. 'Correspondence. FAX: (612) 6922813. e-mail: Annes@tiny.me.su.oz.au in a state as close to natural as possible. Mammalian sperm are condensed in the testis during the maturation phase of development; at this time the haploid spherical shape of the spermatid nucleus is changed to a condensed form containing closely packed chromatin that is highly resistant to damage, with the sperm head smaller to reduce viscous drag and in a modified shape characteristic of the species. The dense packaging is due to replacement of most of the somatic histones with sperm-specific arginine and cysteine-rich protamines and subsequent disulphide bonding [8] . Although the condensed sperm nucleus has the advantage of resistance to damage, it cannot undertake any DNA repair or synthesis until it is in the decondensed state [9] .
In the present study, a three-step procedure for decondensation of the nucleus caused so little damage to the spermatozoan axoneme that good, sustained reactivated movement of the decondensed ram sperm models was achieved. This involved a first dilution into a demembranating solution containing 0.1% Triton-X 100, a second dilution into an extracting solution containing 5 mM dithiothreitol (DTT) and 6 mM disodium EDTA, and a final dilution into a reactivating solution containing 1 mM ATP.
MATERIALS AND METHODS
Merino ram semen was collected by artificial vagina and used undiluted within 3 h; precautions were taken to avoid cold shock (to which ram spermatozoa are particularly sensitive). Experiments were carried out in a thermostatically controlled perspex box, set at 37.5 0 C, which enclosed a Zeiss WL microscope (Carl Zeiss, Inc., Thornwood, NY) with rotating and gliding stage. Whole semen was diluted 1:10 with a demembranating solution (for solutions used, see below) and was stirred vigorously with the disposable tip of a Finn-pipette (Phoenix, North Ryde, NSW, Australia) for 30 sec. After another minute without stirring in the demembranating solution, the demembranated sample was diluted 1:10 with an extracting solution for time intervals as described for individual experiments, ranging from 5 min to 23 min. The extracted sample was diluted 1:10 with the reactivating solution; reactivation experiments were replicated seven times.
Demembranating Solution
The demembranating solution consisted of 0.025 M potassium glutamate, 0.2 M sucrose, 1 mM MgSO 4 , 1 mM EDTA, 2 mM DTT, 0.1% Triton X-100, and 50 giM cAMP in 20 mM Hepes buffer, pH 7.8.
Extracting Solution
The extracting solution had the same composition as the demembranating solution except that it contained 6 mM EDTA, 5 mM DTT, no Triton X-100, and 0.01% ram seminal plasma (DSSP). The DSSP was prepared, according to the method of Dacheux et al. [10] , by dialyzing for 17 h against distilled water and freeze-drying pooled samples of ram seminal plasma; the dialysis membrane used to prepare DSSP had a molecular weight cutoff of 12 000 to 14 000 (Union Carbide, from Selby, Sydney, Austrailia). The pH of the extracting solution was adjusted to 7.7.
Reactivating Solution
The reactivating solution was of the same composition as the demembranating solution, except for the following components: 1 mM ATP, no Triton X-100, 1% sheep albumin, and 0-0.75% DSSP prepared as described above. (In FIG. 1 . A series of phase-contrast micrographs of the same field of ram sperm, at the same magnification (scale bar is 15 pm), demembranated briefly (1.5 min) as described in Materials and Methods, then decondensed in the extracting solution (which contained 0.01% DSSP) for varying periods of time. a) After 5 min in the extracting solution, the acrosome appeared less clearly defined; in three sperm, it had begun to swell and disintegrate on its anterior rim (arrows). The other sperm appeared similar to the controls (not shown). b) After 8 min in the extracting solution, the whole sperm head appeared lighter and the acrosome disintegrated further. The three sperm indicated by arrows in Figure la were still ahead of the others in disintegration of their acrosomes. c) After 12 min in the extracting solution, the anterior part of the head underwent a marked swelling so that in the three sperm indicated by arrows in Figure la , the acrosome and the anterior part of the nucleus were almost transparent. Another sperm indicated here by an arrow was also becoming transparent anteriorly. The posterior part of the nucleus and the nuclear annulus of these sperm were by contrast much darker, though still paler than before. d) After 16 min in the extracting solution, the sperm that had become transparent anteriorly in Figure c had undergone further changes, with all of the sperm head except the most posterior part decondensed and with liberation of the acrosomal contents. e) After 23 min in the extracting solution, most sperm heads had decondensed fully and their contents were liberated; the posterior part of the sperm head, where the nuclear annulus is located, was the only region to appear dense. Note that two sperm heads were still not decondensed, indicating variability in the decondensation process. experiments in which the decondensed sperm models were still sticking to the slide or to each other after exposure to the extracting solution, DSSP was also added to the reactivating solution; otherwise no further DSSP was added.) The pH of the reactivating solution was 7.7. All experiments involving use of reactivating solution were carried out at 37.5 0 C, and care was taken to avoid cold shock by prewarming tubes, pipettes, slides, and coverslips.
Fine Chemicals
Triton X-100 (specially purified for membrane research, 789704) was obtained from Boehringer-Mannheim, Mannheim, Germany. Sigma Chemical (St. Louis, MO) was the supplier of sheep albumin (fraction V, A3264); sodium adenosine 3':5'-cyclic monophosphate (cAMP; A6885); disodium adenosine 5'-triphosphate, low calcium content, substantially vanadium free (ATP; A5394); and dithiothreitol (DTT; D9779).
Phase-Contrast Microscopy
Phase-contrast microscopy was performed via 16x (for 35-mm film) or 12.5x (for 16-mm cine film) Zeiss Kpl oculars, through a 40x/0.75 Zeiss neofluar objective. The no. 1.5 coverslip was supported and sealed by a thin film of petroleum jelly. Photographs were taken with a Wild MPS12 camera (Leica Instruments, North Ryde, NSW) using 35-mm Kodak Tmax 400 ASA film (Eastman, Kodak, Rochester, NY) at 0.5-sec exposure or with a LoCam high-speed cine camera Oohn Hadland, Geen Waverley, VIC) using Ilford Pan F type 752 16-mm cine film (Ilford Ltd Basildon, Essex, England) at 75 fps.
Dark-Field Microscopy with Stroboscope
Dark-field microscopy was performed with a 20 x ocular, through a 10x/0.25 Zeiss objective. Photographs were taken with a Wild MPS12 camera, exposure setting of 1 sec, using 35-mm Kodak Tmax 400 ASA film. The light source was a Wild Xenon arc 150 W XBO lamp with additional UV filters.
Electron Microscopy
Twenty microliters of whole ram semen was added to 200 ,il demembranating solution; precautions were taken to avoid cold shock. In experiment A, all solutions and pipettes were at 37.5°C. This allowed direct comparison with observations made on extracted sperm by phase microscopy, which was also carried out at 37.5°C. In experiment B, all procedures were performed at room temperature (17°C) to allow comparison with published work done at room temperature. In both experiments, the demembranating sample was stirred vigorously for 30 sec with the disposable tip of a Finnpipette and left in the demembranating solution for an additional minute, as described above. This was then added to 2 ml of the extracting solution. In experiment A, after 5 min, 8 min, and 16 min in the extracting solution, aliquots were added to the picric acid-formaldehyde-glutaraldehyde fixative of Ito and Karnovsky [11] , diluted 1:3 with distilled water. In experiment B, aliquots were added to the fixative after 45 and 50 min in the extracting solution at room temperature. Each sample was filtered onto a Millipore (Bedford, MA) filter (pore size 0.45 Rpm) for ease of handling and fixed for a total time of 30 min. Samples then were washed in 0.1 M cacodylate buffer followed by 1% osmium tetroxide in the same buffer, washed further, placed in 1% tannic acid in the same buffer, and dehydrated through an ethanol series with a final dehydration in 100% acetone. The samples were embedded in Spurr's resin, sectioned grey on a MT-1 ultramicrotome, stained with uranyl acetate and lead citrate, and examined in aJeol 100C, transmission electron microscope Jeol, Dee Why, NSW, Australia) at 80 kV.
RESULTS

Preliminary Experiments
Initial studies were undertaken to optimize the composition of the demembranating and reactivating solutions.
FIG. 2. Spermatozoa were treated for 1.5 min in the demembranating solution, followed by 16 min (a-e) or 12 min (f and g) in the extracting solution containing 0.01% DSSP, followed by dilution into the reactivating solution, which contained no DSSP. The sperm had reactivated movement of the sperm tail despite having pale and swollen decondensed sperm heads. Both spermatozoa were from the same semen sample. Scale bar, 15 Pim. The grid lines running across the field are part of an ocular graticule used for calibration. Figure 2 , a-e: After 16 min in the extracting solution, followed by dilution into the reactivating solution, the spermatozoon seen here was moving asymmetrically at 10.2 Hz and swimming in a circle while going in and out of the plane of focus. Interval between frames was 13 msec. Figure 2 , f and g: After 12 min in the extracting solution, followed by dilution into the reactivating solution, the spermatozoon seen here was not progressing, as it was stuck to the slide, but its sperm tail was moving asymmetrically in an uncoordinated manner at 14.3 Hz with low amplitude. Interval between frames was 26 msec.
It was found by Vishwanath et al. [5] that a demembranating solution containing 0.1% Triton X-100 completely demembranated ram spermatozoa. In the present study a similar solution was used; however, it was found that improved reactivation of sperm models was obtained when EDTA was substituted for EGTA and Hepes buffer substituted for Tris buffer in the demembranating and reactivating solutions.
Light Microscopic Observation of Decondensation in Ram Sperm Models
As shown in Figure 1 , exposure to the demembranating solution for 1.5 min followed by the extracting solution for increasing periods of time resulted in progressive decondensation of the ram sperm heads. Changes seen while the spermatozoa were in the extracting solution were as follows. 1) The acrosome was the first region to change in appearance; the acrosome appeared less clearly defined and in some sperm could be seen to begin swelling and disintegrating on its anterior rim (5 min in extracting solution, Fig. la) . 2) After 8 min in the extracting solution, the whole sperm head appeared lighter and the acrosome disintegrated further (Fig. lb). 3) After 12 min in the extracting solution, the anterior part of the head underwent a marked swelling (Fig. c) . 4) After 16 min in the extracting solution, the whole head of most spermatozoa appeared fully decondensed, as far as could be detected by light microscopy, and in some sperm had liberated its entire contents. The posterior part of the head remained relatively dense (Fig.  id) . 5) After 23 min in the extracting solution, most sperm heads had decondensed and had liberated their contents; the posterior rim, where the nuclear annulus is located, was the only region of the head to appear dense (Fig. le) .
Further decondensation of the sperm head was noted after 3 min in the reactivating solution. 
Reactivation of Decondensed Ram Sperm Models
The sperm were exposed to the demembranating solution for 1.5 min, followed by up to 16 min of exposure to the extracting solution. This resulted in reactivated, usually progressive movement when the sperm models were diluted into the reactivating solution. Figure 2 shows the reactivated movement of two different spermatozoa. The sperm on the left in Figure 2 (a-e) was treated with the extracting solution for 16 min before reactivating. It was moving asymmetrically in an uncoordinated manner at 10.2 Hz and swimming in a circle while going in and out of the plane of focus. The sperm on the right (Fig. 2, f and g ), from the same sample, was treated for 12 min with the extracting solution before reactivating. It was not progressing, as it was stuck to the slide. Its sperm tail was moving asymmetrically at 14.3 Hz with low amplitude. Both spermatozoa had decondensed sperm heads that appeared pale and expanded anteriorly.
Most spermatozoa stuck to the slide or to each other unless DSSP was added to the extracting solution and sheep albumin to the reactivating solution, as described in Materials and Methods. In some experiments, further DSSP was added to the reactivating solution if sperm models with decondensed heads were sticking to the slide or to each other; but in general, addition of DSSP to the extracting solution was sufficient. The effect of DSSP on tail-wave frequency or velocity of the sperm models was not examined, but it was noticed that decondensation required more time in the extracting solution when DSSP was present. Other methods that were tried to prevent sticking of decondensed sperm models to glass surfaces and to each other were unsuccessful (use of siliconized slides and coverslips, addition of 1% BSA to reactivating solution).
A period of 8 min in the extracting solution followed by the further decondensation observed in the reactivating solution seemed to provide a good compromise between optimal reactivation and decondensation. Spermatozoa did not reactivate immediately but slowly started to move after a few minutes, becoming more vigorous and maintaining motility for at least 30 min, with approximately 80% of the spermatozoa reactivating. However, some sperm developed a sliding disintegration of their sperm tails; this was more frequent when sperm were exposed for more than 10 min to the extracting solution.
FIG. 5.
Demembranated sperm, after 16 min at 37.5°C in the extracting solution. The basal part of the nucleus (b) was not decondensed. Lateral borders (I) and the central areas of some sperm were not decondensed. The basal plate (bp) and connecting piece of the neck (c), the centrioles (including the long central microtubules of the distal centriole), and the outer coarse fibers (of) surrounding the axoneme were not extracted. However, the spiral sheath of mitochondria around the middle piece was partly disintegrated, with pale extracted mitochondria. The plasma membrane around all regions of the spermatozoon was removed, but the membranes around some of the mitochondria remained. Scale bar is 1 Im. x25 600.
Electron Microscopy
The control preparation, processed on a Millipore filter without prior demembranation or extraction, had a normal appearance, with intact plasma membranes, acrosomes, acrosomal membranes, and postnuclear caps (Fig. 3) . After treatment with the demembranating solution for 1.5 min and with the extracting solution for 8 min (Fig. 4) , the plasma membranes of the sperm head were removed, and the postnuclear dense lamina was partly extracted and had lifted from the nucleus. The acrosomal membranes and most of the acrosomal contents were removed. However, the nucleus was not decondensed at this stage. The plasma membranes of the sperm tails were more resistant to demembranation than those of the sperm heads but were interrupted and permeabilized. Mitochondrial membranes were also resistant to demembranation.
After demembranation as described, followed by 16 min in the extracting solution, the membranes and acrosomes were removed and the nuclei were decondensed except in two areas: the basal part of the nucleus (Figs. 5 and 6 ), previously termed the nuclear annulus [28] , and the lateral borders of the sperm head (central sperm in Fig. 6 ). Some central areas of the sperm head were not fully decondensed (Fig. 6) . It should be noted that further decondensation was observed by phase-contrast microscopy while the spermatozoa were in the reactivating solution; however, the sperm processed for electron microscopy were fixed after exposure to the extracting solution only.
For comparison with previous work performed at room temperature, extractions for 45 and 50 min at room temperature (experiment B) were also carried out by phase microscopy and electron microscopy as described above. A result equivalent to that from 16-min extraction at 37.5°C (Figs. 5-7 ) was obtained by treatment at 17 0 C for 45 or 50 min with the extracting solution (Fig. 8 ).
After demembranation as described above and decondensation at both 37. attached to the nuclear envelope where one was present, as was the case in some areas despite demembranation treatment. The fine single filaments were sometimes paired in longitudinal section, as they ran together for some distance before separating again. In transverse section there appeared to be hollow, tubular structures present (e.g., Fig.  7 ), but closer study of the micrographs showed that this appearance probably resulted from a conjunction of fine filaments separated by a distance of approximately 7 nm and surrounded at intervals by localized spherical areas of electron-dense material (beaded structures) with an outer diameter of approximately 12 nm (mean, 11.7 nm; SD, 2.3 nm).
Despite extensive changes in the sperm heads, the sperm tails had an apparently normal morphology of the axoneme, the outer dense fibers and fibrous sheath (e.g., Figs. 5-7), and the neck region (Fig. 5) . However, the mitochondria of the middle piece were pale and appeared to have been extracted (e.g., Figs. 5 and 7) after 16 min at 37.5 0 C, and even after 8 min at this temperature (Fig. 4) . The acrosomes were removed by demembranation and extraction, and only a remnant of the perforatorium indicated where the acrosome had lain (Fig. 8) .
DISCUSSION
It is remarkable that despite treatment strong enough to fully decondense the ram sperm head, it was still possible to produce prolonged reactivated movement of the ram sperm tail, with a beat frequency in the reactivated sperm models equivalent to that of sperm models that have not been decondensed (e.g., as reported by Vishwanath et al. [51) .
In the demembranated and decondensed spermatozoa, the tail structures of axdneme, outer dense fibers, and fibrous sheath appeared normal in structure when examined by electron microscopy; but whereas the nuclear chromatin is stabilized by disulphide bonds and was easily and rapidly decondensed by the treatment described in the present study, the outer dense fibers and fibrous sheathwhich are also stabilized by disulphide cross-linking ( [12] and reviewed by Oko [13] )-were not ultrastructurally disintegrated by the treatment here described. Evidence suggests that the outer dense fibers and fibrous sheath of mammalian spermatozoa are not independently motile structures. Toad sperm accessory fibers are displaced some distance from the axoneme, allowing independent observation of the movement of these structures. Swan et al. [14] showed that the toad sperm accessory fiber passively follows the movement of the axoneme; they also demonstrated that the toad sperm accessory fiber is electrophoretically homologous with the medulla of the rat sperm outer dense fiber. Thus in toad sperm tails and possibly also in mammalian sperm tails, it is only the axoneme that is the motile structure. That the outer dense fibers and fibrous sheath are structural proteins has been confirmed by their isolation and analysis in mammalian sperm (reviewed by Oko [13] and Jassim [15] ).
Although the mitochondria appeared to have been extracted and the plasma membranes were removed, these alterations would not be expected to affect reactivated movement as ATP was added exogenously. Vishwanath et al. [5] showed that the plasma membranes are removed and the mitochondria extracted by the concentration of Triton X-100 that was used in the present study (0.1%); however, the nuclei remained condensed after treatment with 0.1% Triton X-100 (see Fig. 7 and Vishwanath et al. [5] ).
Under the conditions used in the present experiments to demembranate and extract the ram spermatozoa, which resulted in decondensed nuclei after 16 min of extraction at 37.5°C, the ram spermatozoa behaved in a fairly uniform manner although an occasional sperm was encountered that did not decondense after this treatment. Human spermatozoa have been reported to be more variable in this respect in both the cauda [16] and in ejaculates [17] even when demembranated with SDS and when treated with EDTA or otherwise rendered deficient in zinc [18] . The percentage of spermatozoa decondensing in ejaculates has been used as a diagnostic technique for evaluation of fertility [17, 19] . Another technique utilizing decondensed spermatozoa is in situ hybridization, e.g., in assaying Y-bearing sperm for use in monitoring sperm separation techniques [20] .
The fine filaments produced by demembranation followed by extraction of ram sperm nuclei (for 16 min at 37.5°C or for 45-50 min at 17°C) had the appearance described by Tsanev and Avramova [21] as more abundant smooth fibers. Tsanev and Avramova described a second type of structure as fibers with a beaded appearance, which were less numerous. They reported beaded structures of approximately nucleosomal size (10-15 nm) after treatment with a thiol-urea-salt solution. In the present study the beaded structures, also of nucleosomal size (mean, 11.7 nm; SD, 2.3 nm), surrounded the filaments at points where they branched and anastomosed.
It is not generally accepted that nucleosomes are present in mammalian sperm nuclei, especially as most of the histones are replaced by protamines during condensation of mammalian sperm chromatin (reviewed by Mezquita et al. [22] ). However, Tsanev and Avramova [21] found by electrophoretic and immunological methods that ram sperm nuclei contain somatic nucleosomal histones, which they concluded give rise to the beaded appearance of the fibers they observed. In a study on human spermatozoa, Evenson et al. [23] used 1.5% Sarkosyl detergent for 60 min at room temperature followed by 20 mM DTT for 20 min to 2 h for decondensation. They reported that this treatment resulted in chromatin bodies connected by fine filaments but saw no structures similar to nucleosomes; additional trypsin treatment for 20 min dispersed the chromatin bodies.
In a study on human spermatozoa, Delgado et al. [24] observed that the ultrastructural appearance of nuclei decondensed with heparin was that of chromatin organized into hub-like nuclear bodies measuring 42-30 nm in diameter, joined by a network of chromatin fibers ranging in thickness from 25 to 1.5 nm. In the present study the appearance of regions of the ram sperm that were not fully decondensed, e.g., central and lateral areas, was similar. As in the present report, Delgado et al. [24] noted that the chromatin fibers showed a high degree of cross-linking, unlike somatic chromatin.
Endogenous proteolytic activity contributed by the nucleus itself or by the acrosomal enzymes may be involved in the decondensation process [9, 25] . Despite this possiblity, prior removal or breakage of plasma membranes (e.g., by detergents, cold shock, or freezing), as well as treatment with disulphide-reducing agents or another protamine-removing agent such as heparin ( [26] and reviewed by Jager et al. [27] ), is also required for decondensation to occur. The first area to be noticeably affected by treatment with the extracting solution used in the current study was the acrosome, which appeared to lift off and disintegrate; the next area affected was the anterior part of the sperm head, which became enlarged and pale. The posterior region of the sperm head, which contains the nuclear annulus (as described by Ward and Coffey [28] ), was still in the form of a thin dense rim even after extraction for 23 min. Similar observations on the sequence of changes in sperm decondensation were made by Lasalle et al. [29] in their work with human sperm inseminated in vitro into human zonafree oocytes.
The ram sperm models underwent further decondensation in the reactivating solution, and it is possible that ATP contributed to this through an ATP-dependent enzyme. This was suggested by Ulitzur and Gruenbaum [30] as a mechanism for decondensation of rooster sperm nuclei in cell-free preparations from Drosophila embryos, where sperm chromatin failed to decondense in the absence of ATP or when topoisomerase II was inhibited in the cellfree system; the authors suggested that this was due to the ATP dependence of the enzyme. It is possible that in the current investigation, the DTT present in the reactivating solution might have contributed to further decondensation; but the DTT was at a concentration (2 mM) normally used for reactivating ram sperm models [5, 6] with no occurrence of decondensation.
Zirkin and Chang [25] showed that treatment of rabbit sperm with 1% Triton X-100 (or cold shock) and 5 mM DT' results in a correlation between the number of sperm with swollen, decondensed nuclei and the ability of the nuclei to serve as templates for DNA synthesis.
It would not have been possible to obtain progressively swimming ram sperm models with decondensed heads without addition of DSSP (dialyzed and freeze-dried ram seminal plasma) to the extracting solution and occasionally to the reactivating solution. Without the added DSSP, the stickiness of the decondensed heads led to large aggregates of sperm that adhered to each other and to the glass interfaces and were unable to swim freely. It has been previously reported that dialyzed, freeze-dried proteins prepared from both ram epididymal plasma and ram seminal plasma at concentrations of 5 mg/ml are effective in preventing agglutination and reversing clumping of aggregated ram epididymal spermatozoa, while centrifugation at 10 000 x g for 20 min reduces the activity of what Dacheux et al. [10] termed the anti-agglutination factor by two thirds.
In conclusion, the sperm model system reported here may be useful in applications where decondensation is used, e.g., for investigation of the nuclear organization of mammalian spermatozoa, for in situ hybridization, and for evaluation of semen samples with respect to the decondensation ability of the sperm as it relates to male fertility [17, 19] . Examination of the reactivated movement of sperm tails in decondensed models can provide a valuable marker of the integrity of the system being studied while allowing access to the nucleus for experimental manipulation.
